SYNOPSIS Four techniques for estimating serum T4 and three for estimating serum T3 have been investigated and found to be satisfactory in routine use. Normal ranges for each technique have been established. Estimation of serum T3 by the commercial kits tested appears to have a high discriminant value in the diagnosis of hyperthyroidism, although the diagnostic definition used inevitably enhances the apparent sensitivity of these techniques. Estimation of serum T4 will identify the majority of patients with symptomatic hypothyroidism. The low sensitivity of T3 in the diagnosis of thyroid failure is confirmed.
There has been a dramatic increase in the number of diagnostic techniques available for the investigation of suspected thyroid disease over the last two decades. The relative merits and limitations of the procedures currently available have been extensively reviewed (Evered, 1974; Evered et al, 1976 ) and a strategy for the investigation of the three common thyroid problems, that is, suspected hyperthyroidism, suspected hypothyroidism, and goitre, has been developed by these and other workers (Britton et al, 1975) . The increasing use of new in vitro tests of thyroid function, the proliferation of commercially available kits, and problems of definition and classification have all led to confusion in the minds of many physicians and biochemists. The objective of this paper is to investigate the reliability and discriminant value of in vitro techniques for measuring total serum thyroxine (T4) and total serum triiodothyronine (T3) in the investigation of thyroid disease.
Definitions

HYPERTHYROIDISM
Hyperthyroidism was said to be present in subjects with clinical features of thyrotoxicosis and a raised serum triiodothyronine concentration by an established assay (Hesch and Evered, 1973) . It is accepted that this definition is open to question, but it has the merit of specificity although it may be disputed on the grounds of sensitivity.
HYPOTHYROIDISM
Hypothyroidism was said to be present in subjects Received for publication 10 May 1976 with clinical features of hypothyroidism and a raised serum thyrotrophin (thyroid stimulating hormone; TSH) concentration .
Asymptomatic (or subclinical) forms of the disease were excluded by definition.
Materials NORMAL SUBJECTS
Eighty normal subjects studied using all the techniques investigated were derived from laboratory and other hospital staff. Patients with non-thyroidal illness were not studied in view of the known effect of illness upon circulating thyroid hormone levels (Carter et al, 1974) . The normal ranges for T4 using the Thyopac-4(R) kit and for T3 using the technique of Hesch and Evered (1973) and the Radiochemical Centre T3 kit were also established on a randomly selected sample of a non-hospital population. Full details of this study-the Whickham Community Survey-have been published elsewhere (Tunbridge et al, 1975 CPBA was carried out using the Thyopac-4(R) kit from the Radiochemical Centre, Amersham. A small comparative study was carried out using a column technique as described by Seligson and Seligson (1972) .
Radioimmunoassay (RIA) Serum T4 was measured by RIA using two techniques: (a) Newcastle assay: Specific T4 antisera were raised by the serial injection of T4 methyl ester hydrochloride conjugated with bovine serum albumin into New Zealand White rabbits. Standard T4 solutions were prepared by the technique of Murphy (1965) . Hormone free serum was prepared by charcoal extraction. The assay technique is as follows:
0-475 ml buffer (with or without standard T4) Barbital buffer-50 mM pH 8-6 0-025 ml unknown or hormone free serum 0-1 ml ANS (400 ,ug) 0.1 ml 1251 T4 (500 pg/tube) 0-1 ml antiserum Incubate overnight at 4°C. Separate with methyl-cellulose/charcoal. Aspirate supernatant after 10 minutes. (b) Commercial assay: T4 RIA was also carried out using a commercially available kit supplied by the Radiochemical Centre, Amersham.
SERUM TRIIODOTHYRONINE ESTIMATION
Serum T3 was measured by RIA using three techniques.
Newcastle assay T3 RIA was measured using a modification of the technique described by Hesch and Evered (1973) . The only differences from the original assay lay in the use of barbital buffer (50 mM pH 8 6) and ANS as a blocking agent.
Commercial assays T3 RIA was carried out using the kits which are marketed by the Radiochemical Centre, Amersham and Hoechst Pharmaceuticals.
THYROID HORMONE BINDING TEST (THBT)
THBT was performed using a 1251-T3 Sephadex uptake (Thyopac-3, Radiochemical Centre, Amersham).
TSH
Serum TSH was measured by a double-antibody RIA (Hall et al, 1971 ).
Analysis of data
The data derived from these studies were analysed using standard statistical techniques. The distribution of thyroid hormone concentrations within the Community is not significantly skewed, and thus it was possible to calculate means and standard deviations without transformation of the data. The sensitivity and specificity of each technique was assessed. Sensitivity is assessed by the number of affected subjects detected in relation to the number affected in the population tested. Specificity is evaluated as 1 minus the number of false positives as a proportion of the total number of non-affected subjects.
Thus, sensitivity is calculated:
Sensitivity (Y.) = x 100 and specificity as:
Where a = diseased subjects abnormal by the test (true positives) b = non-diseased subjects abnormal by the test (false positives) c = diseased subjects normal by the test (false negatives) d = non-diseased subjects normal by the test (true negatives) (Holland and Whitehead, 1974) Results TECHNICAL FACTORS All the techniques gave acceptable degrees of precision and reproducibility. The intra-assay coefficient of variation ranged between 3-4 and 6-3 % and interassay coefficient of variation between 5-0 and 9 0% for T4 and T3 assays ( The explanation for these differences is not apparent, but it seems improbable that they can be attributed to regional variations in the light of the results of other assays of T3, but it is possible that they may represent differences in the selection of normal subjects. It is well established that nonthyroidal illness or cold surgery can lead to a significant reduction in measured T3 levels (Carter et al, 1974; Burr et al, 1975) . The importance of each laboratory establishing its own normal range and appropriate care in the selection of a reference population (Holland and Whitehead, 1974 ) cannot be stressed too highly.
The expected increase in T4 and T3 levels was seen in pregnant subjects and those taking an oral contraceptive. procedure, and it seems probable that this step accounts for the differences. This underestimation of higher T4 values has been reported before using a CPBA technique with an extraction procedure. The estimation of T3 appears to be a highly sensitive index of hyperthyroidism, and this view is consistent with earlier reports (Britton et al, 1975; Shalet et al, 1975) . It must, however, be admitted that the diagnostic definition used inevitably enhances the apparent sensitivity of these techniques. It is unfortunate that there is no other acceptable, independent, and sensitive laboratory criterion against which these techniques can be assessed-as with TSH in the diagnosis of primary hypothyroidism. T3 may also be raised in some clinically euthyroid subjects and these groups have been reviewed elsewhere (Evered, 1975) . It is possible that hyperthyroidism could exist with a normal T3 in a patient with a reduced TBG capacity or in one with a serious illness depressing the T3 concentration. Calculation of a free triiodothyronine index should correct the T3 value in the former situation and a thyrotrophin releasing hormone (TRH) test would be required to confirm the diagnosis in the latter case (Evered, 1974) .
Serum T4 estimation appears to be an adequate discriminant of symptomatic hypothyroidism in the majority of patients. The low discriminant value of T3 estimation observed confirms earlier reports . Estimation of TSH remains the most sensitive index of primary hypothyroidism .
The diagnostic specificity of these techniques is satisfactory for routine purposes. The development of routine radioimmunoassay procedures for TSH estimation and the availability of synthetic TRH have made it possible to resolve diagnostic problems adequately.
